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SILICONE ENCAPSULANTS FOR LIGHT 
EMITTING DIODES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Application Ser. No. 60/622,653, ?led Oct. 27, 2004, 
the entire contents of Which are incorporated herein by 
reference. 

FEDERALLY SPONSORED RESEARCH 

[0002] The following invention Was made With Govem 
ment support under contract number DE-FC26-01NT41203 
awarded by the United States Department of Energy. The 
Government has certain rights. 

FIELD OF THE INVENTION 

[0003] The invention relates to silicone-based polymers 
and polymeric compositions, methods of preparation of the 
silicone-based polymers and polymeric compositions, and 
methods of use thereof With light emitting diodes (LED). 

BACKGROUND OF THE INVENTION 

[0004] The next generation of high intensity light emitting 
diodes (LED) that are being developed for industrial and 
residential lighting applications Will require a neW class of 
encapsulants. There are no viable encapsulant alternatives 
existing that can meet the long term (10,000 hrs-100,000 
hrs) and high temperature (100° C.-200o C.) operating 
conditions. 

[0005] Currently available epoxy encapsulants as Well as 
other polymeric encapsulants undergo unacceptable yelloW 
ing and degradation under the strenuous operating condi 
tions employed for high intensity LEDs. Further, any neW 
candidate encapsulant must be manufactured under condi 
tions similar to and compatible With current encapsulant 
production methodologies. A need exists for polymers and 
polymer ?lms, and methods of use thereof With LEDs that 
overcome at least one of the aforementioned de?ciencies. 

SUMMARY OF THE INVENTION 

[0006] An aspect of the present invention relates to a 
polymer produced by the process of reacting: 

[0007] 1. a cyclosiloxane oligomer of the formula X: 
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[0008] 2. a vinyl siloxane oligomer of formula XI 

in the presence of a noble metal hydrosilation catalyst. In 
oligomer X, n is an integer from 0 to 6. R in each occurrence 
can be chosen independently from H, a methyl, an alkyl, and 
a haloalkyl, With the proviso that at least tWo of R must be 
H. In oligomer XI, m is an integer from 2 to 20. R1 in each 
occurrence can be chosen independently for each siloxane 
unit from CH3, OCH3, OCH2CH3, vinyl, and a further unit 
of [4OiSiRl2i]q-OCH3, Wherein q is an integer from 2 
to 20. At least one of R1 must be a vinyl-containing unit. The 
vinyl siloxane oligomer must have a viscosity from 10 
centipoise to 10,000 centipoise at 250 C. and a ratio of 
alkoxy groups to Si atoms in a range from 0.004:1 to 1511. 

XI 

[0009] A second aspect of the present invention relates to 
a polymeric composition produced by the process of react 
ing: 
[0010] a. a cyclosiloxane oligomer of the formula X: 

X 
H3C R 

/ 
Si—O CH3 

\ / 

O S\i—R 
R>S/i IO 

H3C \O Si—CH3 with; 
n / \ 
Si—O R 

/ \ 
R CH3 

[0011] b. a vinyl siloxane oligomer of formula XI 

XI 

;and 
[0012] c. a ?ller in the presence of a noble metal hydrosi 
lation catalyst. 
The polymeric composition has a refractive index from 1.3 
to 2.5. 
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[0013] A third aspect of the present invention relates to a 
prepolymer mixture comprising: 

[0014] a) a cyclosiloxane oligomer of the formula X: 

X 
H3C 

\ / 
Si—O CH3 

/ \ / 
O S\i—R 

R>S/i lo 
H3C \O Si—CH3; and 

n I / \ 
S1—O R 

/ \ 
R CH3 

[0015] b) a vinyl siloxane oligomer of the formula X1: 

[0016] A fourth aspect of the present invention relates to 
a light emitting device comprising: 

[0017] a substrate; 

[0018] a light emitting diode (LED), said LED operably 
integrated With said substrate; and 

[0019] a polymeric composition encapsulating said LED, 
said polymeric composition comprising a polymer produced 
by the process of reacting: 

[0020] a) a cyclosiloxane oligomer of the formula X: 

[0021] b. a vinyl siloxane oligomer of formula X1 

[0022] A ?fth aspect of the present invention relates to a 
method for producing a polymer encapsulated light emitting 
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diode comprising: providing a vinyl siloxane oligomer With 
a viscosity of from 10 to 10,000 cp at 25° C. having a 
plurality of vinyl functionalities; providing a noble metal 
hydrosilation catalyst; and providing a cyclosiloxane oligo 
mer selected from structure 1, structure ll, structure Ill, 
structure lV, structure V, structure VI, and structure Vll: 

III 

IV 
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-continued 
VI 

R 

o R H3C 0 

Si 
R 0 CH3 

VII 

; combining said vinyl siloxane oligomer, said noble metal 
hydrosilation catalyst, and said cyclosiloxane oligomer to 
give a mixture; applying said mixture to a light emitting 
diode (LED); and curing said mixture to form a polymer 
encapsulated LED. 

[0023] A sixth aspect of the present invention relates to a 
method for producing a polymer encapsulated light emitting 
diode (LED) comprising: providing the prepolymer mixture 
as described above; applying said prepolymer mixture to a 
LED; and curing said prepolymer mixture to form a polymer 
encapsulated LED. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Throughout this speci?cation the terms and sub 
stituents are de?ned When ?rst introduced and retain their 
de?nitions. 

[0025] A polymer produced by the process of reacting a 
cyclosiloxane oligomer and a vinyl siloxane oligomer in the 
presence of a noble metal hydrosilation catalyst is presented 
in accordance With the present invention. The cyclosiloxane 
oligomer is represented by the formula X. 
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[0026] The variable n is an integer from 0 to 6. The 
substituent R in each occurrence can be chosen indepen 
dently from hydrogen, a methyl, alkyl, haloalkyl, With the 
proviso that at least tWo of R must be H. The variable n also 
may vary in ranges from a loWer limit of 0, l, 2, or 3 to an 
upper limit of 4, 5, or 6. All ranges of the variable n are 
inclusive and combinable. The cyclosiloxane oligomers that 
may be used in an embodiment of the present invention 
include, for example, but are not limited to the structures I, 
II, III, IV, V, VI, and VII: 

| 
I CH3 CH3 CH3 
0 | 0 

III 

IV 
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-continued 

VI 

VII 

No stereochemistry or geometrical isomerism is implied in 
the structures shown above. A pure isomer or a mixture of 
isomers of the compounds l-Vll can be employed. 

[0027] The vinyl siloxane oligomer is represented by 
formula X1. 

[0028] The variable In is an integer from 2 to 20, and the 
substituent R1 in each occurrence is chosen independently 
for each siloxane unit from the group consisting of CH3, 
OCH3, OCH2CH3, a vinyl group, and a further unit of 
[4OiSiRl2i]q-OCH3, With the provisos: that at least one 
of R1 must be a vinyl-containing unit; the vinyl siloxane 
oligomer having a viscosity from 10 centipoise (cp) to 
10,000 cp at 25° C.; and a ratio of alkoxy groups to Si atoms 
in a range from 0.04:1 to 1.5:1. 

[0029] The subscript q is an integer from 2 to 20. The 
variable In and the subscript q also may vary in ranges from 
a loWer limit of 2, 3, 4, or 5 to an upper limit of 10, 15, 17, 
18, or 20. All of the aforementioned ranges for m and q are 
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inclusive and combinable. The vinyl siloxane oligomer may 
further vary in viscosity from ranges of: 10-10,000 cp; 
20-1,000 cp; 50-600 cp; and 150-500 cp. All of the viscosity 
ranges are inclusive and combinable. The ratio of alkoxy 
groups to Si atoms in the vinyl siloxane oligomer may 
further vary from ranges of: 0.004:1 to 1.5:1; 0.02:1 to 1.3:1; 
0.1:1 to 1.2:1; and 0.5:1 to 0.7:1. 

[0030] The polymer is prepared by the polymerization of 
the vinyl siloxane oligomer With a SiiH containing cyclosi 
loxane oligomer in the presence of a noble metal hydrosi 
lation catalyst, as sketched in Scheme 1. The vinyl siloxane 
oligomer reactant in Scheme 1 is intended to be illustrative 
rather than de?nitive of the structure of the vinyl siloxane 
oligomer. 

Schemel 

ocH3 CH3 ocH3 

l 
ocH3 c 3 

1 
\Ti Si 
0 

[0031] The polymer of the present invention has a refrac 
tive index in a range from 1.39 to 1.5. When the polymer is 
being used to encapsulate, for example, an LED, the artisan 
Will generally attempt to match the R.l. of the cured polymer 
to the R1 of the LED. Refractive indices from 1.3 to 1.5 are 

the normal range for the polymer, With indices from 1.39 to 
1.45 and 1.39 to 1.41 being common. All of the aforemen 
tioned ranges are inclusive and combinable. The ?lms also 
typically exhibit less than a 10% decrease in light transmis 
sion Within the range of 450-470 nm When the ?lms are 

exposed to a temperature of 1400 C. for 1,000 hrs. The 
exposures Were conducted in a forced air oven. 

[0032] The vinyl siloxane oligomer is assembled by the 
condensation of a vinyl trialkoxysilane With a dialkyl 
dialkoxysilane in the presence of Water, Scheme 2. The 
molar ratio of the vinyl trialkoxysilane to the dialkyldialkox 
ysilane ranges from 2.0:1 to 1:20; 1.5:1 to 1:10; and 1.1:1.0 
to 1:5. All ranges are inclusive and combinable. The result 
of the condensation reaction is a colorless, transparent, loW 
molecular Weight siloxane oligomer having a plurality of 
vinyl functional groups, i.e. the vinyl siloxane oligomer. The 
amount of Water present in the condensation reaction affects 
the degree of condensation that occurs. Thus the molecular 
Weight of the vinyl siloxane oligomer is affected by amount 
of Water present. 
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ocH3 

[0033] The condensation reaction product depicted in 
Scheme 2 is intended to be illustrative rather than de?nitive 
of the structure of the vinyl siloxane oligomer. It is recog 
niZed that the vinyl siloxane oligomer prepared by the above 
described sol-gel reaction, in fact, may consist of linear 
repeating units, branched repeating units, cyclic repeating 
units, and combinations thereof. 

[0034] Condensation of the starting siloxane materials can 
be accomplished With or Without the use of a condensation 
catalyst. Acidic or basic condensation catalysts may be 
employed to increase the rate of the condensation reaction. 
Acidic condensation catalysts that can be used include, for 
example, hydrochloric acid, acetic acid, oxalic acid, per 
chloric acid, p-toluenesulfonic acid, methanesulfonic acid, 
tri?uoromethanesulfonic acid, phosphoric acid, and sulfuric 
acid. Basic condensation catalysts that can be used include, 
for example, tetramethylammonium hydroxide, tetraethy 
lammonium hydroxide, guanidine, 4-dimethylaminopyri 
dine, 1,7-diaZbicyclo[4.3.0.]nonane, and 1,4-diaZabicy 
clooctane. The condensation reaction can be further 
accelerated by removal of the alcohol byproduct under 
reduced pressure. 

[0035] The reactants in Scheme 2 also may incorporate 
other siloxane-containing components such as tetramethox 
ysilane, tetraethoxysilane, methyl trimethoxysilane, ethylt 
rimethoxysilane, dimethoxydivinylsilane, methyleth 
yldimethoxysilane, diethoxydimethoxysilane, and the like. 

[0036] In addition to formula XI presented supra, the vinyl 
siloxane oligomer also can be represented by a general 
compositional formula XII in an embodiment of the present 
invention. 

Rsnsioum (XII) 
[0037] The formula XII is a ratio of RS to Si (silicon 
atoms) to 0 (oxygen atoms) Wherein RS represents collec 
tively all the alkoxy, methyl, and vinyl substituents R1, and 
terminal alkoxy groups of formula XI described supra plus 
1 vinyl. Examples of R1 include OCH3, OCH2CH3, methyl, 
and a vinyl. The variable n may vary in ranges from a loWer 
limit of 1.4, 1.7, 2.0, or 2.1 to an upper limit of 2.3, 2.5, 2.6, 
or 2.7. The ratio of alkoxy substituents to Si atoms in the 
vinyl siloxane oligomer is determined using proton Nuclear 
Magnetic Resonance spectroscopy. 

[0038] In the hydrosilation-polymeriZation reaction of the 
present invention, the equivalent ratio (i.e., equivalents of 
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vinyl to equivalents of SiiH) of the vinyl groups of the 
vinyl siloxane oligomer to SiiH groups of the cyclosilox 
ane oligomer range from: 05:10 to 2.0:1.0; 08:10 to 
1.2: 1 .0; and 0.9: 1 .0 to 1.1:1.0. All ofthe ranges are inclusive 
and combinable. The description thus far, of a polymer 
produced by the process of reacting a cyclosiloxane oligo 
mer and a vinyl siloxane oligomer in the presence of a noble 
metal hydrosilation catalyst, is not meant to imply that the 
functionalities of the vinyl siloxane oligomer and the 
cyclosiloxane oligomer react stoichiometrically. 

[0039] The reaction betWeen the cyclosiloxane oligomer 
and the vinyl siloxane oligomer is conducted in the presence 
of a noble metal hydrosilation catalyst. The term noble metal 
hydrosilation catalyst is meant to encompass compounds 
and complexes that contain at least one noble metal in Which 
the compound or complex functions a catalyst for hydrosi 
lation of double bonds. The term also encompasses elemen 
tal noble metals. 

[0040] Although rhodium is not alWays included as a 
noble metal, in the context of the present invention, Rh 
compounds, complexes, and the elemental Rh Will be 
referred to as a noble metal herein unless stated otherWise 
and considered to fall Within the de?nition of the term noble 
metal, Which includes Pd, Pt, Ir and Rh. 

[0041] In an embodiment of the present invention, a noble 
metal hydrosilation catalyst for use in the reaction of the 
cyclosiloxane oligomer With the vinyl siloxane oligomer 
may include but is not limited to chloroplatinic acid, 
Karstedt’s catalyst (Pt2{[(CH2=CH)Me2Si]2O}3), Ashby’s 
catalyst {[(CH2=CH)MeSiO]4}3Pt, Wilkinson’s catalyst 
[tris(triphenylphosphine)rhodium (I) chloride], polymer 
bound Wilkinson’s catalyst, tris(triphenylpho sphine)iridium 
(I) chloride, chloroplatinic acid/octanol complex, platinum 
cyclovinylmethylsiloxane complex (Ashby-Karstedt Cata 
lyst), platinum carbonyl cyclovinylmethylsiloxane complex, 
bis(benZonitrile)dichlorpalladium (II), tetrakis(triph 
enylphosphine)palladium (0), palladium 2,4-pentanedion 
ate, iridium 2,4-pentanedionate, iridium cyclooctadiene 
chloride, Pt metal, Pd metal, Ir metal, and Rh metal. 

[0042] Karstedt’s catalyst typically is used With the 
cyclosiloxane oligomer and the vinyl siloxane oligomer 
described supra under reaction conditions that can vary in 
temperature and time. The reaction can be carried out at a 
temperature range from 50° C. to 200° C. The reaction also 
can be carried out at temperature ranges varying from: 60° 
C. to 180° C.; 70° C. to 150° C.; and 90° to 120° C. All of 
the temperature ranges are inclusive and combinable. 

[0043] The noble metal hydrosilation catalysts are highly 
ef?cient and typically only require amounts in parts per 
million (ppm) for polymerization to occur. In an embodi 
ment of the present of invention, from 1-100 ppm of noble 
metal hydrosilation catalyst may be present to promote the 
polymeriZation of the vinyl siloxane oligomer and the 
cyclosiloxane oligomer. The range of the amount of noble 
metal hydrosilation catalyst that may further be present can 
vary from: 5-80 ppm, 10-60 ppm, and 20-40 ppm. All ranges 
of the noble metal hydrosilation catalyst are inclusive and 
combinable. 

[0044] In choosing the amount of the noble metal hydrosi 
lation catalyst, the artisan Will recogniZe that any amount of 
noble metal hydrosilation catalyst Within the ranges 
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described supra, inclusive and/or combined, can be used in 
Which polymerization of the vinyl siloxane oligomer and the 
cyclosiloxane oligomer is promoted, and in Which discol 
oration of the polymer product due to the residual catalyst 
does not occur. 

[0045] The aforementioned temperature ranges are not 
meant to limit the temperature or temperature range in Which 
the reaction can be carried. The artisan Will recognize that 
any temperature can be used at Which hydrosilation is 
promoted and can occur Without degradation to the reactants 
as Well as the polymer product in accordance With the 
present invention. 

[0046] Additionally, the temperature ranges are not meant 
to imply that the hydrosilation reactions must be carried out 
at a constant temperature. The reaction temperature may be 
ramped or staged Within the temperature ranges described 
supra, inclusive and/ or combined, in any manner that alloWs 
for the formation of the polymers in accordance With the 
present invention. For example, a reaction may be carried 
out a temperature of 50° C. for a period of time, for sake of 
example, 5 hrs. After 5 hrs, the temperature may be 
increased (ramped up) to 1000 C. and held constant for 2 hrs. 
The temperature could be continually ramped up until the 
reaction is complete. The temperature stages and time peri 
ods are at the discretion of the practitioner and Would be 
recognized by one ordinarily skilled in the art of polymer 
chemistry. 

[0047] The reaction can be carried out over a period of 
varying times. Typically, the reaction is carried out at a time 
of 16-20 hrs. HoWever, the artisan Will recognize that as the 
temperature varies the time can be adjusted accordingly for 
polymerization to occur and polymers of the present inven 
tion to be formed. The formation of the product can be 
monitored via standard spectroscopic instruments and the 
reaction halted accordingly at a point When the reactants are 
converted to the polymer product. 

[0048] A polymeric composition is presented in accor 
dance With the present invention. The polymeric composi 
tion comprises the polymer described supra and a ?ller 
dispersed therein, Scheme 3. 

Scheme} 

(|)CH3 $H3 (FCH3 
si—o—Si—0—Si 

/ | I I \\ + 
ocH3 CH3 ('3 

H3CO—S1—\ 
OCH3 

l l l R O O R 

\Si/ \Ti/ Si/ m polymeric 
composition l R R l catalyst 

o | O O 
\Si/ \si “ 

| / \ 
R R 

[0049] The ?llers that may be used in an embodiment of 
the present invention include but are not limited to colorless 
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oxides of boron, zinc, strontium, silicon, titanium, alumi 
num, germanium, and tin. The mean particle sizes (i.e., mean 
diameter of particles) of the aforementioned ?llers are in 
ranges from 0.1 to 10 microns; 0.2 to 5 microns; and 0.5 to 
1.0 microns. Other ?llers that may be used include carbon 
nanotubes, solid or holloW glass spheres or quartz ?bers, and 
mica platelets. 

[0050] Typically, the ?ller is added to modify the poly 
meric composition With respect to its overall refractive index 
and mechanical properties such as shrinkage characteristics, 
the coef?cient of thermal expansion (CTE), and hardness. 
The ?ller can comprise the polymeric composition in ranges 
from: 5 Wt % to 60 Wt %, 10 Wt % to 50 Wt %, and 20 Wt 
% to 40 Wt %. All of the aforementioned ranges are inclusive 
and combinable. 

[0051] The polymeric compositions of the present inven 
tion have a refractive index (R.l.) in a range from 1.3 to 2.5. 
When the compositions are being used to encapsulate, for 
example, an LED, the artisan Will generally attempt to match 
the R.l. of the cured polymeric composition to the R.l. of the 
LED. Refractive indices from 1.3 to 2.5 are the normal range 
With indices from 1.3 to 2.5 and 1.5 to 2.0 being common. 
The ?lms also typically exhibit less than a 10% decrease in 
light transmission Within the range of 450-470 nm When the 
?lms are exposed to a temperature of 1400 C. for 1,000 hrs. 
Samples for testing Were placed in a forced air oven and 
removed periodically during tWo Weeks for visual exami 
nation. Samples that displayed a perceptible yelloW color 
When held against a White background Were considered to 
have failed the test. 

[0052] In addition to the ?ller, the polymeric composition 
may further contain additives. Examples include but are not 
limited to phosphors, ?oW control agents, ?atting agents, 
Wetting agents, and adhesion promoters. For example, phos 
phors may be incorporated to generate speci?c Wavelengths 
of the emitted light. FloW control, ?atting agents, and 
Wetting agents may be employed to facilitate the handling 
characteristics of the polymeric composition. Polymeriza 
tion inhibitors and retarders may also be included to control 
the gel time and to enhance the handling characteristics of 
the polymeric composition. 

[0053] Noble metal hydrosilation catalysts that may be 
used to promote the polymerization of the vinyl oligomer 
and the cyclosiloxane oligomer have been described supra. 

[0054] Many variables can be manipulated in Scheme 2 to 
tailor the ?nal mechanical characteristics of the polymeric 
composition described in Scheme 3 to desired characteris 
tics. For example, the molar ratio of the tWo reactants in 
Scheme 2 can be varied resulting in the vinyl siloxane 
oligomer having a loWer or a higher number of vinyl groups 
present as Well as increased or decreased viscosity values. 
Viscosities of the resin components typically range from 
60-500 cps. When compounded With ?llers, the viscosities 
may range from 100-10,000 cps. The viscosity obtained 
depends on the type and amount of ?ller added and the 
particle size of the ?ller. Viscosity, as described herein, is 
measured according using a cone on plate viscometer. 

[0055] Further, metal-containing coreactants in Scheme 2 
such as aluminum trimethoxide, titanium tetraethoxide, tet 
ramethoxygermanium, tetraethoxygermanium, zirconium 
tetramethoxide, tin tetraethoxide, tetraisopropoxy alumi 
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num, and the like can be used to modify the refractive index 
of the polymeric composition. 

[0056] The polymer and polymeric compositions of the 
present invention may be used as encapsulants and in 
combination With substrates such as a LED, an optical 
circuit, a lasing element, an optical component such as an 
optical coupler, a repeater, a Waveguide, and a ?ber optic 
adhesive. 

[0057] A light emitting device comprising a substrate, a 
light emitting diode (LED), and a polymeric composition 
encapsulating the LED is presented in accordance With the 
present invention. In one embodiment of the present inven 
tion, the substrate may be, for example, a circuit board, a 
metallic cup, a ceramic cup, a metallic re?ector, and like. 
Additionally the substrate may have re?ective properties. 
The LED is integrated With the substrate via an electronic 
circuit to alloW normal operation of the LED. In addition, the 
encapsulant may serve as an in-situ lens for the LED. 

[0058] The LED used in an embodiment of the present 
invention is a semiconductor device that emits visible light 
When an electric current pases through it. The light is 
typically emitted in a narroW Wavelength band. The output 
range is from red (at a Wavelength of approximately 700 
nanometers) to blue-violet (about 400 nanometers). The 
LED may emit infrared energy (830 nanometers or longer) 
if chosen to do so and such a device is typically knoWn as 
an infrared-emitting diode (IRED). At the same time, LEDs 
operating in the UV (200-400 nm) are currently being 
developed. The polymeric composition (encapsulant) used 
to encapsulate the LED is as described supra. 

[0059] The light emitting device of the present invention 
operates under severe environmental conditions ranging 
from 1,000 hrs to about 100,000 hrs at a temperature in a 
range from 1000 C. to 250° C. Typical operating conditions 
include a time period from 1,000 hrs to 40,000 hrs at a 
temperature in a range from 100° C. to 200° C. A test to 
ascertain the su?iciency of the polymeric composition for its 
intended purpose is to thermally age the cured polymeric 
composition at 150-200° C. in air depending on the speci?c 
application. Aging can also be conducted in the presence of 
light of a Wavelength emitted by the LED. Polymeric 
compositions of the present invention exhibit high resistance 
to yelloWing, erosion, and loss of mechanical properties 
under the above thermal oxidative conditions. 

[0060] A method for producing a polymer encapsulated 
LED is presented in accordance With the present invention. 
The method comprises providing a vinyl siloxane oligomer; 
providing a noble metal hydrosilation catalyst; providing a 
cyclosiloxane oligomer; combining the vinyl siloxane oli 
gomer, the noble metal hydrosilation catalyst, and the 
cyclosiloxane oligomer to give a mixture; applying the 
mixture to a light emitting diode (LED; and curing the 
mixture to form a polymer encapsulated LED. 

[0061] The vinyl siloxane oligomer used for producing a 
polymer encapsulated LED contains a plurality of vinyl 
functional groups and is as described supra, as is the noble 
metal hydrosilation catalyst, and the cyclosiloxane oligomer. 
The vinyl siloxane oligomer, the noble metal hydrosilation 
catalyst, and the cyclosiloxane oligomer are combined to 
form a mixture. All are Well-known in the art. The mixture 
additionally may comprise a ?ller material. 
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[0062] The aforementioned components can be combined 
in any order. Typically the vinyl siloxane oligomer, the ?ller 
material, and the noble metal hydrosilation catalyst are 
combined ?rst. Then the cyclosiloxane oligomer is added. 
Heat may be added at any point during the combination step 
to provide a loW viscosity mixture. The mixture is applied to 
a LED and subsequently cured. The LED may be an 
individual LED or an array of LEDs. Oven curing, infrared 
curing, hotplate curing, heated mold curing, and combina 
tions thereof may be used to accomplish curing of the 
mixture. 

[0063] A prepolymer mixture comprising a cyclosiloxane 
oligomer and a vinyl siloxane oligomer is presented in 
accordance With the present invention. The cyclosiloxane 
oligomer is represented by the formula X: 

The vinyl siloxane oligomer is represented by the formula 
X1: 

[0064] The mixture may additionally comprise a noble 
metal hydrosilation catalyst and/or a ?ller as Well as other 
additives. The prepolymer mixture may further comprise 
additional components that together constitute less than 10% 
by Weight of the prepolymer mixture. 

[0065] An alternative method for producing a polymer 
encapsulated light emitting diode (LED) comprises: provid 
ing a prepolymer mixture; applying the prepolymer mixture 
to a LED, and curing the prepolymer mixture to form a 
polymer encapsulated LED. The prepolymer mixture pro 
vided is as described supra. 

[0066] The prepolymer mixture may be heated to a tem 
perature such that the viscosity of the mixture alloWs for 
manipulation and application to an individual LED or an 
array of LEDs. HoWever, the prepolymer mixture does not 
have to be heated. The prepolymer mixture can be applied as 
received if the mixture has a viscosity suitable for applica 
tion to the LED array. The mixture is applied to a LED and 
subsequently cured. Oven curing, infrared curing, hotplate 
curing, heated mold curing, and combinations thereof may 
be used to accomplish curing of the mixture. 

[0067] The aforementioned curing techniques are not 
meant to limit the types or kinds of curing techniques that 
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may be used to cure the prepolymer mixture in an embodi 
ment of the present invention. The artisan Will recognize that 
any curing technique, Which causes hydrosilation-polymer 
iZation of the prepolymer mixture components, i.e., the 
cyclosiloxane oligomer and the vinyl siloxane oligomer, can 
be used as a curing technique in accordance With the present 
invention. 

EXPERIMENTAL 

Testing Methods 

[0068] 1. Vrscosities of the un?lled encapsulant Were 
measured using Ford Cup viscometer. 

[0069] 2. Cone on plate viscosities of both ?lled and 
un?lled encapsulant mixtures Were measured using a 
Brook?eld CP-52 cone and plate viscometer. Altema 
tively, a Brook?eld Spindle-type viscometer Was also 
used, especially in the case of more viscous mixtures. 

[0070] 3. Nuclear Magnetic Resonance (NMR) spectro 
scopic method to determine alkoxy functionality to Si 
atom ratio 

[0071] The ratios of alkoxy/Si discussed supra are deter 
mined as folloWs: 

[0072] Known Weights (measured to four decimal places) 
of both the vinyl siloxane oligomer and dry toluene are 
dissolved in deuterated chloroform to give a deuterated 
chloroform solution. The integrated methoxy proton peak of 
the vinyl siloxane oligomer and the integrated methyl proton 
peak of toluene are measured by H1 NMR, using a Bruker 
AMX-500 MHZ NMR spectrometer. 

[0073] The methoxy proton signal occurs at a chemical 
shift=—1.0 ppm relative to the methyl proton signal of 
toluene; although tetramethyl silane is not used as a standard 
due to interference With methyl protons directly bound to 
silicon atoms of the vinyl siloxane oligomer, it is Well knoWn 
that the chemical shift of the methyl signal of toluene occurs 
at 3.5 ppm relative to tetramethyl silane; therefore it is 
calculated that the chemical shift of the methoxy groups of 
the vinyl siloxane oligomer Would be 2.5 ppm relative to 
tetramethyl silane. 

[0074] The number of equivalents of methoxy groups of 
the vinyl siloxane oligomer relative to the number of equiva 
lents of toluene methyl groups is then calculated. The 
number of equivalents of vinyl groups of the vinyl siloxane 
oligomer relative to the methyl groups of the toluene is 
already knoWn because the vinyl groups are unchanged by 
the condensation reaction that forms the vinyl siloxane 
oligomer, and the Weight ratios of the vinyl siloxane oligo 
mer to toluene are knoWn. 

[0075] The number of equivalents of silicon atoms in the 
vinyl siloxane oligomer relative to the methyl groups of the 
toluene is also knoWn because the number of silicon atoms 
is also unchanged by the reaction, Which produces the vinyl 
siloxane oligomer. The ratio of equivalents of methoxy 
groups to equivalents of vinyl groups, and of equivalents of 
methoxy groups to equivalents of silicon atoms is therefore 
calculated by this test method. 

[0076] When ethoxy groups are present as substituents of 
the vinyl siloxane oligomer, the ethoxy groups can be 
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similarly quanti?ed by integrating the area under the peaks 
for the methylene protons, or the methyl protons of the 
ethoxy group. 

[0077] According to this method, the vinyl oligomer of 
example 1 exhibited a ratio of alkoxy/Si of 0.004/ 1. 

EXAMPLES 

Example 1 

[0078] Vinyltrimethoxysilane (20.7 g, 0.14 mol) and dim 
ethyldimethoxysilane (33.6 g, 0.28 mol) Were placed in a 
250 ml round bottom ?ask. Water (17.6 ml) Was added and 
the solution Was brought to re?ux for 24 hours at 600 C. The 
mixture Was cooled to room temperature, and tWo layers 
Were formed. The biphasic mixture Was transferred to a 
separatory funnel. The loWer layer Was separated and trans 
ferred to a 100 ml round bottom ?ask then dried under 
vacuum in a rotary evaporator for 3 hours. The ?ask Was 
removed and attached to an oil pump to remove any residual 
starting materials and volatile byproducts for 24 hours. A 
clear colorless liquid Was obtained (96% conversion) being 
the vinyl siloxane oligomer. 

[0079] The polymerization of the vinyl siloxane oligomer 
Was carried out as folloWs. The vinyl siloxane oligomer (0.5 
g) Was mixed With 0.3 microL of Karstedt’s catalyst and 
0.35 g of UVT Sunspheres (silica, siZe: 7 micrometers). This 
mixture then Was heated in an oven for 45 min at 90° C. to 
de-gas the solution and to decrease the viscosity. While hot, 
0.2 g of a cyclosiloxane oligomer, 1,3,5,7,9-pentamethylcy 
clopentasiloxane (DSH), Was added and the mixture Was 
gently sWirled to avoid entrapment of air. The mixture Was 
poured onto a LED array and the device placed in a forced 
air oven at 90° C. for 18 hr. The temperature Was sloWly 
ramped doWn to room temperature over the course of 3 hr. 
The encapsulated LED Was translucent, hard, and 
crosslinked. 

[0080] A Wide variety of epoxides and other types of 
thermoset resins Were evaluated under simulated high inten 
sity LED operating conditions. The most common failure 
Was due to thermooxidative degradation that results in resins 
that have undergone pronounced color changes ranging from 
yelloW to deep broWn. 

[0081] The only polymeric materials that survived the 
aggressive screening test Were the polymers and polymeric 
compositions of the present invention. They have excellent 
thermal oxidative resistance, and even When polymers and 
polymeric compositions undergo degradation, the products 
are generally colorless. 

[0082] The thermal oxidative stability of the correspond 
ing UV cured resins Were examined. Speci?cally, the epoxy 
resins containing SOC10 as the photoinitiator Were placed in 
small aluminum cups and then polymeriZed by exposure to 
UV light using a medium pressure mercury arc lamp. Table 
1 shoWs the results of visual inspections of the cured 
formulations after aging for 2 days at 1400 C. Samples for 
testing Were placed in a forced air oven and removed 
periodically during tWo Weeks for visual examination. 
Samples that displayed a perceptible yelloW color When held 
against a White background Were considered to have failed 
the test. 

[0083] The structures of some of the resins prior to cure 
that Were employed are depicted beloW. 
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(Photoinitiator) 

TABLE 1 

Results of Thennal Aging of UV Cured Epoxy Resins 

Monomer SOC10 (mol %) Results 

ERL-4221E 1.0 clear, no color change 

PC1000 1.0 clear, slightly yellow 

PC2003 0.5 clear, slightly yellow 
PC1000/Cop BMN 2.0 hazy, very slightly yellow 

MMA* 

PC1000/PVB# 1.0 yellow 

PC1000 1.5 clear, slightly yellow 

BPADGE 2.0 Very yellow 
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TABLE l-continued 

Results of Thennal Aging of UV Cured Epoxy Resins 

Monomer SOC10 (mol %) Results 

SF-96 Silicone ?uid i 

Polymeric compositions i 

of present invention 
(Exp #1) 

clear, colorless 
clear, colorless 

*17% by weight of copolymer of butylrnethacrylate and methyl rnethacry 
late 
#17% by weight of polyvinyl butyral. 

[0084] After 10 days of thermal oxidative aging at 1400 
C., all the samples were noticeably yellow. The resins that 
displayed the best performance to date were ERL-4221E and 
PC1000. Although ERL-4221E shows good initial resistance 
towards yellowing, after 4 days its degree of yellowing as 
approximately the same as the other resins. Formulations 
containing added linear acrylic polymers (copolymer BMA/ 
MMA or polyvinyl butyral appear to undergo phase sepa 
ration on thermal aging and to give haZy, phase-separated 
samples. 
[0085] Several polydimethylsiloxane (silicone) resins 
(e.g. SF-96 silicone ?uid) were evaluated in the above 
described screening tests. The results were dramatic. Even 
after 4 weeks (672 hours) at 1400 C. in air, there was no 
observable yellowing. 

CH3 CH3 CH3 CH3 

CH3 CH3 CH3 CH3 

[0086] Polydimethylsiloxanes with the structure shown 
above have excellent inherent. thermal oxidative stability. 
However, on long term exposure to heat, even these resins 
do undergo slow degradative bond cleavage reactions. 
Apparently, the key to the ability of these resins to survive 
the screening test is due to the fact that despite this degra 
dation, the products that are produced are not colored. 

What is claimed is: 

1. A polymer produced by the process of reacting: 

1. a cyclosiloxane oligomer of the formula X: 
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wherein n is an integer from 0 to 6; 

R in each occurrence is chosen independently from H, a 

methyl, an alkyl, and a haloalkyl, With the proviso that 
at least tWo of R must be H, With 

2. a vinyl siloxane oligomer of formula X1 

wherein m is an integer from 2 to 20; 

R1 in each occurrence is chosen independently for each 

siloxane unit from CH3, OCH3, OCH2CH3, vinyl, and 
a further unit of [A)iSiRl2i]q-OCH3, Wherein q is 
an integer from 2 to 20; 

in the presence of a noble metal hydrosilation catalyst, 

With the provisos that at least one of R1 must be a vinyl 

containing unit, said vinyl siloxane oligomer having a 
viscosity from 10 centipoise to 10,000 centipoise at 250 
C., and a ratio of alkoxy groups to Si atoms in a range 

from 0.004:1 to 1.511. 

2. A polymer of claim 1, Wherein said noble metal 
hydrosilation catalyst is selected from the group consisting 
of chloroplatinic acid, Karstedt’s catalyst (Pt2{ 
[(CH2=CH)Me2Si]2O}3), Ashby’s catalyst 
{[(CH2=CH)MeSiO]4}3Pt, Wilkinson’s catalyst [tris(triph 
enylphosphine)rhodium (I) chloride], polymer bound 
Wilkinson’s catalyst, [tris(triphenylphosphine)iridium (I) 
chloride], chloroplatinic acid/octanol complex, platinum 
cyclovinylmethylsiloxane complex (Ashby-Karstedt Cata 
lyst), platinum carbonyl cyclovinylmethylsiloxane complex, 
bis(benZonitrile)dichlorpalladium (ll), tetrakis(triph 
enylphosphine)palladium (0), palladium 2,4-pentanedion 
ate, iridium 2,4-pentanedionate, iridium cyclooctadiene 
chloride, Pt metal, Pd metal, Rh metal, Ir metal, and com 
binations thereof. 

3. Apolymer according to claim 1, produced by a process 
Wherein said cyclosiloxane oligomer reacts With said vinyl 
siloxane oligomer in the presence of Pt2{ 
[(CH2=CH)Me2Si]2O}3 at a temperature from 50° C. to 
2000 C. 

4. A polymer according to claim 1, Wherein n is 1. 
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5. A polymeric composition produced by the process of 
reacting: 

a. a cyclosiloxane oligomer of the formula X: 

Wherein n is an integer from 0 to 6; 

R in each occurrence is chosen independently from H, a 
methyl, an alkyl, and a haloalkyl, With the proviso that 
at least tWo of R must be H, With; 

b. a vinyl siloxane oligomer of formula X1 

Wherein m is an integer from 2 to 20; 

R1 in each occurrence is chosen independently for each 
siloxane unit from CH3, OCH3, OCH2CH3, vinyl, and 
a further unit of [4OiSiRl2i]q-OCH3, Wherein q is 
an integer from 2 to 20; 

in the presence of a noble metal hydrosilation catalyst, 

With the provisos that at least one of R1 must be a vinyl 
containing unit, said vinyl siloxane oligomer having a 
viscosity from 10 centipoise to 10,000 centipoise, and 
a ratio of alkoxy groups to Si atoms in a range from 

0.004:1 to 1.511; and 

c. a ?ller, 

in the presence of a noble metal hydrosilation catalyst, 
said polymeric composition having a refractive index 
from 1.3 to 2.5 

6. A polymeric composition according to claim 5, Wherein 
said ?ller is chosen from oxides of boron, silicon, titanium, 
aluminum, germanium, tin, strontium, and Zinc having a 
mean particle siZes in a range from 0.1 to 10.0 microns. 

7. A polymeric composition according to claim 5, Wherein 
said ?ller comprises from 5 Wt % to 60 Wt % of said 
polymeric composition. 

8. A polymeric composition according to claim 5, said 
polymer exhibiting less than 10% decrease in light trans 
mission Within the range of 450-470 nm When said polymer 
is exposed to a temperature of 1400 C. for 1,000 hrs. 
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9. A polymeric composition according to claim 5, pro 
duced by a process wherein said cyclosiloxane oligomer 
reacts With said vinyl siloxane oligomer in the presence of 
Pt2{[(CH2=CH)Me2Si]2O}3 at a temperature from 50° C. 
to 2000 C. 

10. A prepolymer mixture comprising: 

a) a cyclosiloxane oligomer of the formula X: 

Wherein n is an integer from 0 to 6; 

R in each occurrence is chosen independently from H, a 
methyl, an alkyl, and a haloalkyl, With the proviso that 
at least tWo of R must be H, With; and 

b) a vinyl siloxane oligomer of the formula XI: 

Wherein m is an integer from 2 to 20; 

R1 in each occurrence is chosen independently for each 
siloxane unit from CH3, OCH3, OCH2CH3, vinyl, and 
a further unit of [4OiSiRl2i]q-OCH3, Wherein q is 
an integer from 2 to 20; 

With the provisos that at least one of R1 must be a vinyl 
containing unit, said vinyl siloxane oligomer having a 
viscosity from 10 centipoise to 10,000 centipoise, and 
a ratio of alkoxy groups to Si atoms in a range from 
0.004:1 to 1.5:1. 

11. A prepolymer mixture according to claim 10 addition 
ally comprising a noble metal hydrosilation catalyst. 

12. A prepolymer mixture according to claim 10 or 11 
additionally comprising a ?ller. 

13. A prepolymer mixture according to claim 12, Wherein 
said ?ller is chosen from oxides of boron, silicon, titanium, 
aluminum, germanium, tin, strontium, and Zinc having mean 
particle siZes in a range from 0.1 to 10.0 microns. 

14. A prepolymer mixture according to claim 13 further 
comprising additional components Wherein said additional 
components together constitute less than 10% by Weight of 
said prepolymer mixture. 

15. A prepolymer mixture according to claim 11, Wherein 
said noble metal hydrosilation catalyst is selected from the 
group consisting of chloroplatinic acid, Karstedt’s catalyst 
(Pt2{[(CH2=CH)Me2Si]2O}3), Ashby’s catalyst 
{[(CH2=CH)MeSiO]4}3Pt, Wilkinson’s catalyst [tris(triph 
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enylphosphine)rhodium (I) chloride], polymer bound 
Wilkinson’s catalyst, tris(triphenylphosphine)iridium (I) 
chloride, chloroplatinic acid/octanol complex, platinum 
cyclovinylmethylsiloxane complex (Ashby-Karstedt Cata 
lyst), platinum carbonyl cyclovinylmethylsiloxane complex, 
bis(benZonitrile)dichlorpalladium (ll), tetrakis(triph 
enylphosphine)palladium (0), palladium 2,4-pentanedion 
ate, iridium 2,4-pentanedionate, iridium cyclooctadiene 
chloride, Pt metal, Pd metal, Rh metal, Ir metal, and com 
binations thereof. 

16. A prepolymer mixture according to claim 11, Wherein 
said noble metal hydrosilation catalyst is Karstedt’s catalyst 
Pt2{[(CH2=CH)Me2Si]2O}3. 

17. A light emitting device comprising: 

a substrate; 

a light emitting diode (LED), said LED operably inte 
grated With said substrate; and 

a polymeric composition encapsulating said LED, said 
polymeric composition comprising a polymer produced 
by the process of reacting: 

a) a cyclosiloxane oligomer of the formula X: 

Wherein n is an integer from 0 to 6; 

R in each occurrence is chosen independently from H, a 
methyl, an alkyl, and a haloalkyl, With the proviso that 
at least tWo of R must be H, With 

b) a vinyl siloxane oligomer of formula XI 

Wherein m is an integer from 2 to 20; 

R1 in each occurrence is chosen independently for each 
siloxane unit from CH3, OCH3, OCH2CH3, vinyl, and 
a further unit of [4OiSiRl2i]q-OCH3, Wherein q is 
an integer from 2 to 20; 

in the presence of a noble metal hydrosilation catalyst, 

With the provisos that at least one of R1 must be a vinyl 
containing unit, said vinyl siloxane oligomer having a 
viscosity from 10 centipoise to 10,000 centipoise, and 
a ratio of alkoxy groups to Si atoms in a range from 
0.004:1 to 1.5:1. 
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18. A light emitting device according to claim 17, Wherein 
n is 1. -continued 

19. A light emitting device according to claim 17, Wherein R W 
said polymeric composition exhibits less than 10% decrease | 
in light transmission Within the range of 450-470 nm When O/ Si\O 
said polymeric composition is exposed to a temperature of H3C\| Am I /CH3 
1400 C. for 1,000 hrs. ' 

. . . . . . . O/ \R R/ \O 20. A light emitting device according to claim 17, wherein 
said polymeric composition additionally comprises a ?ller. /CH3 H3C\ 

21. A light emitting device according to claim 17, Wherein R/Si\O O/ SKR 
said polymeric composition has a refractive index from 1.3 | /CH3 R | 

. \ . 

IO 2.5. ~ ~ ~ ~ ~ ~ ' R/S1\O/S1\CH 

22. A light emitting device according to claim 20, wherein 3 
said ?ller is chosen from oxides of boron, silicon, titanium, R R V 
aluminum, germanium, tin, strontium, and Zinc having a | | 
mean particle siZe in a range from 0.1 to 10.0 microns. /Si\ /Si\ 

23. A light emitting device according to claim 20, Wherein H C (I) AH 0 AH (I) CH 
. . . 3 \ 3 3 / 3 said ?ller comprises from 5 Wt % to 60 Wt % of said Si /Si 

polymer. / \R R \ 
24. A method for producing a polymer encapsulated light (I) CH3 $H3 IFH3C (I) 

. . . . . ~ I I \ I 

emitting diode (LED) compr1s1ng. R /g1\O / T1\O /T1\O /g1\R 
providing a vinyl siloxane oligomer having a plurality of R CH3 

vinyl functionalities and a viscosity from 10 centipoise VI 
to 10,000 centipoise at 25° C.; If 1? 

providing a noble metal hydrosilation catalyst; and /Ti\o/ Ti\O 
providing a cyclosiloxane oligomer selected from struc- H3C\éi CH3 CH3 ii/R 

ture 1, structure 11, structure 111, structure IV, structure O/ \R H3C/ \O 
V, structure VI, and structure VII: | /CH3 H3C\| 

Si Si 

R/ \(I) CH3 (|)/ \R R R 

R I /S< /Si\ >Si\ 
I H3C o | 0 CH3 
S, R 

/ ‘\ v11 
0 AH O R CH3 R CH3 

I» 3 l/cm i- i- i- i . . 1 1 1 1 

HC/s1 R/s1 O/I \O/I \O/I \O/I \O 
3 CH3 R CH3 R 

0 1H3 0 sl/R H3C\Si 
\Si/ H3C/ \o R CH3 o/ \R 

I II/CH3I R\|| 
R /Sl\ / \ /Sl\ /Sl\ 

H R o | o | 0 CH3 
CH3 R R CH3 R 

R\| /o\|./o\|/CH3 
S1 ?1 S1 

(I) CH3SH3CH3J) Wherein R in each occurrence is chosen independently 
\Si/ \Si/ from H, a methyl, an alkyl, and a haloalkyl, With the 

IL IL proviso that at least tWo of R must be H; 

R In combining said vinyl siloxane oligomer, said noble metal 
I hydrosilation catalyst, and said cyclosiloxane oligomer 

/S1\ to give a mixture; 0 | o 
H3C | CH3 | /CH3 . . . 

\Si Si applying said mixture to a LED; and 
/ \RR/ \ 

(I) R (I) curing said mixture to form a polymer encapsulated LED. 
Si/CH3 éiH3C\Si 25. The method of claim 24, Wherein said curing includes 

R/ \O/ | \O/ \R a method selected from the group consisting of oven curing, 
CH3 infrared curing, hotplate curing, heated mold curing, and 

combinations thereof. 
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26. The method of claim 24, wherein said vinyl siloxane 
oligomer is of formula XI: 

Wherein m is an integer from 2 to 20; 

XI 

R1 in each occurrence is chosen independently for each 
siloxane unit from CH3, OCH3, OCH2CH3, vinyl, and 
a further unit of [4OiSiRl2i]q-OCH3, Wherein q is 
an integer from 2 to 20; 
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With the provisos that at least one of R1 must be a vinyl 
containing unit and a ratio of alkoxy groups to Si atoms 
must be in a range from 0.004:1 to 1.511. 

27. The method of claim 24, Wherein said mixture addi 
tionally comprises a ?ller material. 

28. A method for producing a polymer encapsulated light 
emitting diode (LED) comprising: 

providing the prepolymer mixture of claim 10 

applying said prepolymer mixture to a LED; and 

curing said prepolymer mixture to form a polymer encap 
sulated LED. 

29. The method of claim 28 Wherein said curing includes 
a method selected from the group consisting of oven curing, 
infrared curing, hotplate curing, heated mold curing, and 
combinations thereof. 

* * * * * 


